ABSTRACT: Use of wheat (Triticum aestivum)  our milling coproducts (WFM) in pig diets may ameliorate high feed cost. However, digestibility of WFM is lower than feed grains, and limited information exists about their fermentation characteristics. In vitro degradation and fermentation characteristics of 6 WFM samples (2 Shorts, 2 Millrun, middlings, and bran) with varying  ber and protein contents were studied. After a pepsinpancreatin hydrolysis, WFM were incubated in a buffer solution with minerals and fresh pig feces as inoculum. Accumulated gas production was measured for 72 h and modeled. The VFA concentration was measured in the fermented solutions. The DM degradability during fermentation ranged from 31 to 52% and correlated negatively with ADF (r = -0.65; P < 0.01) and positively with CP (r = 0.50; P < 0.01) content of WFM. Total gas production ranged from 101 to 148 mL/g DM incubated and was negatively correlated with ADF and crude  ber (r = -0.70 and -0.59, respectively; P < 0.01). The VFA production ranged from 2.0 to 3.0 mmol/g and the fractional rate of degradation ranged from 0.08 to 0.11/h. In conclusion,  ber components were associated with degradability and fermentability of WFM. Therefore, treatments targeted to reduce the impact of  ber and protein may increase the digestibility and fermentability of wheat coproducts from  our milling.
INTRODUCTION
The wheat milling industry generates a number of coproducts including Wheat Shorts, Millrun, middlings, and bran with these being classi ed according to  ber content. These wheat  our milling coproducts (WFM) may be used in pig diets to ameliorate high feed cost, a critical issue in swine production. Several studies report poor and variable digestibility of WFM in the pig intestine (Nortey et al., 2008; Shrestha et al., 2011) . Supplemental  ber-degrading enzymes have been used with WFM-containing diets to improve energy and nutrient digestibility, with limited success (Nortey et al., 2008; Shrestha et al., 2011) , indicating that limitations other than  ber may exist in WFM.
The WFM contain more  ber than cereal grains. Fiber and protein in uence digestibility and fermentability of nontraditional and coproduct feedstuffs in the pig intestine (Jha and Leterme, 2012) . Little information is available on degradation and fermentation characteristics of WFM in the pig intestine and such information may help explain the limitations in nutrient digestion. Furthermore, information on fermentation characteristics may be useful for feed formulation and use of coproducts in pig diets and may support feed formulation to modulate gut environment and nutrient management. Therefore, an in vitro experiment was conducted to determine the degradation and fermentation characteristics of WFM in the pig large intestine.
MATERIALS AND METHODS

Samples
Six WFM samples (2 Shorts: Shorts A and Shorts B; 2 Millrun: Millrun A and Millrun B; middlings and bran) were selected from the larger samples set sourced from Nutreco Canada (Guelph, ON, Canada). These samples were selected based on their diversity of  ber and protein content (Table 1) .
In Vitro Enzymatic Hydrolysis and Microbial Fermentation
The ingredients underwent an in vitro pepsinpancreatin hydrolysis (Boisen and Fernandez, 1997) . Residues were  ltered and used subsequently for an in vitro gas fermentation test using pig feces as inoculum (Jha et al., 2011a) . The experiment was conducted in the following experimental scheme, {[(6 WFM × 6 replicates) + 6 blanks] × 2 batches}, yielding 12 observations per WFM. Gas production was recorded at regular intervals for 72 h. Subsequently, the liquid phase of the residue was taken out quantitatively and subjected to VFA analysis using gas chromatography. The solid residue was freeze-dried and used to determine DM degradation (DMD) during fermentation.
Kinetics of Gas Production
Gas accumulation was modeled according to France et al. (1993) and described with the following parameters: cumulative total gas production (Gf; mL/g DM), lag time prior to fermentation start (h), half time to asymptote when gas production is half of Gf (T/2; h) and fractional rate of degradation of the substrate at T/2 (per h).
Chemical and Statistical Analyses
The WFM samples were analyzed for DM (AOAC International 930. The DMD and fermentation characteristics were compared using the MIXED procedure of SAS (SAS Institute Inc., Cary, NC) with the WFM as  xed factor and batch as random factor. Means were separated using the Tukey method with a signi cance level of 0.05.
RESULTS
The fermentation variables varied according to sample type (P < 0.05; Table 2 ). The DMD during fermentation ranged from 31 to 52% and correlated negatively with ADF (r = -0.65; P < 0.001) and positively with CP (r = 0.50; P < 0.001) content of WFM. The fractional rate of degradation was highest (P < 0.001) for bran and lowest for Shorts A. The bran had the longest (P < 0.001) lag time and Shorts A took the longest time to reach half time of asymptote gas production. Total gas production was highest (P < 0.001) for middlings and Shorts A and lowest for Millrun B and was negatively correlated with ADF and crude  ber (r = -0.70 and -0.59, respectively; P < 0.001). Total VFA production had trends similar to total gas and ranged from 2.0 to 3.0 mmol/g DM incubated. Table 2 . Dry matter degradation, fermentation kinetics, and VFA production after in vitro fermentation of wheat coproducts from  our milling samples Within a row, means without a common superscript differ (P < 0.05). 1 DMD = dry matter degradability, during fermentation (%); Lag time = time taken to start fermentation (h); Half time = half time to asymptote (h); FRD = fractional rate of degradation, (per h) at half time (h); Total gas = cumulative total gas production (mL/g sample incubated); Total VFA = mmol/g sample incubated.
DISCUSSION
Overall, differences in fermentation characteristics among WFM can be attributed to their  ber and protein fractions, which are the key components in uencing digestibility and fermentability of coproducts in the pig intestine (Jha and Leterme, 2012) . The range of total gas production from WFM fermentation was similar in range to that of wheat bran (Jha et al., 2011b) and less than half of the total gas produced by wheat  our (Jha et al., 2011a) with similar trends for the total VFA production. This fermentation capacity seems to be associated with the matrix. The starch and proteins in the WFM are potentially embedded with  ber (with some variation among WFM) whereas that of wheat is loosely embedded. This matrix complexity makes nutrients in WFM less accessible to enzymes and microbes for digestion and fermentation (Bach Knudsen, 2001) . The difference in the total gas and the VFA produced suggests that fermentability among WFM samples varies. The difference is associated to their  ber and protein content as suggested by correlation between ADF and CP with DM degradability and total gas production. Also, a study in pigs with such feedstuffs, including wheat bran, revealed similar functionality (Jha and Leterme, 2012) .
The WFM samples studied varied widely in  ber and protein content within and among sample types. With respect to chemical composition, Shorts A was more consistent with middlings, having a lower than average crude  ber and ADF content and resulting in a similar fermentation pro le. Also, the composition of products and their fermentability varied within same group of WMF such as the 2 Shorts and 2 Millrun samples. However, the reason for such variation could not be explained for the current data set and WFM sample set. Therefore, further study is required to explore the matrix in detail and potential effect of enzymatic treatments to enhance the fermentation and degradation of WFM samples in the pig intestine. In conclusion, in vitro degradation and fermentation characteristics of different WFM vary in the pig intestine and are mainly associated with the  ber and protein content. Therefore, treatments targeted to reduce the impact of  ber and protein may increase the digestibility and fermentability of wheat coproducts from  our milling.
